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1 . GENERAL 


. This section is intended to provide REA borrowers, consulting 
^ other interested parties with tech- 

design and construction of REA borrowei's ' 
elephone systems. This section discusses in particular the principles 
involved in the electrical protection of aerial cable and details of the 
application of arresters. It describes the normal methods for protecting 
aerial circuits from lightning and power contacts by means of arresters, 
shield groun^ng, and shield bonding. In unusual situations these measures 
may need to be supplemented as discussed in REA TE & CM-825. 


1.2 This section replaces Section 815 , Issue 3 . date^^ 1 oAn 

The principal changes involve the ellminat 
and a general updating of the information +v>o 
plastic cable. 


1 .3 For the purpose of this section 
group of insulated conductors e 
a plastic jacket with one or more met 
and jacket. Except where qualified, 
and refers to plastic- jacketed cable 
insulated conductors and lead-sheath 
insulated conductors. Plastic- jacket 
conductors is sometimes referred to a 
refers to the metallic envelope surro 
wise indicated. The terras "jacket" a 
and refer to the nonmetallic outer co 
types of cables. 
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with metal shielded cable and strand may burn the cable down due to 
arcing effects, and power current in cable conductors may result in 
fusing of these wires. In the event of a power contact to strand sup- 
ported plastic- jacketed cable, although the dielectric strength of the 
insulating jacket will ordinarily be high enough to prevent breakdown 
to the metal shield, contact to the cable strand and/or lashing wire may 
produce sufficient arcing to melt the plastic jacket and result in damage 
to cable pairs, or possible bumdown. 

3. PROTECTION PRINCIPIES 

3.1 Lightning Protection 

3.11 Direct lightning strokes to cable plant are likely to cause exten- 
sive damage due to the magnitude of the currents involved^ however, 

such strokes occur very infrequently and are not a major source of trouble* 
Protection against direct strokes is in5)racti cable. 

3.12 Lightning surges may also reach the conductors and/or shield of 
aerial cable by currents conducted from non-cable plant*, by induc- 
tion from nearby strokes to ground, and currents developed due to rise 
in ground potential at stroke points near station protector installations. 
Cable having paper- or pulp-insulated conductors requires protective meas- 
ures in the form of arresters against such potentials. Cable having plastic- 
insulated conductors does not require protective measures except in unusual 
circumstances as outlined in subsequent paragraphs. 

3.13 In addition to the prevention of dielectric failure of the cable con- 
ductor insulation, it is essential that potential differences between 

all of the other conducting elements of the cable installation be avoided. 
This requires that the shields of all aerial cable sections be bonded 
together and to connecting underground or buried cable shields and to the 
central office ground. Cable support strands should be electrically con- 
tinuous, and cable shields should be bonded to the sr 5 )port strands at ^pro- 
priate intervals. 

3.2 Power Contact Protection - The most effective measures in preventing 
power contacts to aerial cable or connecting plant are to follow 

standard construction practices and provide proper clearances in accordance 
with the provisions of REA TE & CM-602, "Clearances j " REA TE & CM-63O, 

"Design of Aerial Cable Plant j" REA TE & CM-635> "Construction of Aerial 
Cable Plantj" and REA TE & CM- 69 O, "Joint Use of Poles." 

3.21 Inq)ortant supplementary construction practices consist of providliig 
low impedance paths to ground which will aid in rapid deenergiaation 
of the power line in the event of a power contact. Discussion of protective 
measures to be applied in the event of power contacts with connecting non- 
cable type conductors is covered in REA TE & CM-820, "Open Wire Circuit Pro- 
tection," and REA TE & CM-821 , "Multipair Distribution Wire Protection." 


*The term "non-cable plant" refers to conductor facilities such as open wire, 
distribution wire, and drop wire which are not enclosed in a metallic shield. 
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1|.05 Bonding Cable Shields to Support Strands - Cable shields should be 

bonded to the support strand at frequent intervals to prevent 
arcing and to provide a low impedance path to ground for foreign currents. 
With plastic- jacketed cable, bonds between the shield and strand should be 
provided at all splices, terminals, and loading points. The methods of 
bonding the shield to the strand depend on the types of enclosures used 
and are described in detail in PC -2* and ,PC-3*^. 

1 4 .. 051 Four or more bonds per mile should be provided if possible without 

opening the plastic jacket solely for this purpose. Where long 
runs without splices, terminals, or load points are involved, at least one 
bond per mile should be provided even if it is necessary to open the cable 
sheath solely for this purpose. If more than one cable is attached to the 
same pole by means of separate through- bolts or separate mounting fixtures, 
the shields of the various cables should be bonded together (1 ) at crossing 
poles; ( 2 ) at the beginning and ending of multicable runs; and (3) at approx- 
imately I^OO-foot intervals in long multi cable runs. 

14 .. 06 Termination of Cable Pairs on Terminal Blocks at Open Wire 

Junctions - When one or more pairs are extended ty open wire at a 
cable deadend, all pairs should be terminated on unprotected terminal 
blocks. Where one or more pairs are extended by open wire at a tap point 
along the cable, enough unprotected terminal blocks should be provided to 
terminate the pairs that are to be extended by open wire. The number of 
cable pairs terminated should equal the number of pairs of terminal studs 
installed. 

U. 06 I It has been determined by tests that unprotected teiminal blocks 

with normally spaced terminal studs equipped with nuts will break 
down under typical lightning surges at values below the surge dielectric 
strength of plastic cable and wire conductors. It is, therefr 
to use the terminal studs on u^rotected — 

Effective protection against dielectric f' 
provided if all pairs in the cable at on 
terminated on terminal blocks. 

1 4 .. 0 7 Incidental Grounding of Cable 

Normal construction practices 
strands at deadends and other junctio 
sonnel protection, and/ or power conta 
beneficial in reducing lightning pote 
voltage limiting gaps (such as terrain 
to the conductors. Grounds are also 

*"EEA Standard for Splicing and Termi 
Cables Used on Telephone Systems of P 
■»*"REA Standard for Straight Splicing 
Sheathed Cables to Paper-Insulated U 
Systems of REA Borrowers." 
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5.3 Category I - Categorj^ I lightning protection for paper-insulted 
cable consists of the following measures which are discussed in 
detail in other paragraphs: 


Bonding and grounding cable shields at the C.O. (paragraph ii.3)* 
Maintaining electrical continuity of shields (paragraphs 4*4 

BoSdng'^abie shields to support strands (paragr^hs ^-5 and 5*32) 
Installation of carbon block protectors at cable terminals, 

(paragraph 5.33) . . , u -si ^ 

Grounding of cable shields (paragraph 5 *34/ <» 


5.31 Maintaining Electrical Continuity of Shields. 

5.311 The importance of this measure is discussed in paragraph U.U, and 
the procedure for paper-insulated cable having an outer p SS c 
jacket is the same as given in paragraph h-h for PIC cable. 


5.312 With lead-sheathed cable having lead sleeves and wiped joints, 
electrical shield continuity is assured incidental to splice 

closing. 


5.32 Bonding Cable Shields to Support Strands. 

5.321 This measure is discussed in paragraph 

paper-insulated cable having an outer plastic jacket is the same 

as given in paragraph U*5 for PIC cable. 

5.322 With lashed lead-shielded cable an adequate bond is obtained 
incidentally by the lashing wire. 

5.33 Installation of Carbon Block Protectors at Cable Terminals. 

5.331 All cable pairs extended by non-cable type facilities more than 

about 1500 feet in length should be protected by the . 

of carbon block arresters (blue designated) between the 

the cable shield at the junction of the cable extended 

One or more non-cable type pairs exceed about 1500 feet, a 
pairs connected to the same terminal, regardless of length, ^ , 

equipped with blue designated arresters. Use of a a ^ An 

type terminal will often furnish protection to pairs not extended by non 

cable plant with beneficial results# 

5.332 All cable pairs extended by PIC cable should be protected by pro- 
viding arresters (blue designated) on all non-cable type e^ensions 

from the PIC cable that occur within 1 mile of the pa^r ®®^i® . . 

junction. In some instances it may be more economxcal "to P^®™® fT®® ®; 
(blue designated) on all pairs of the p^er cable extended by PIC cable a 
the PIC-to-paper cable splice. 
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Id paragraph 5-332 

rea^^lt, hh!~ lSd‘he"rUa? 

5.3il Oroimdlng of Cable Shields - Tr.t.n e- 

icon eT with nLoable pjitf ? "f.^romids at cable ends 

1500 feet will divert a portion of an iS ^X'^^ending more than about 

reddoe the magnitude of surge on the caSr^Jf ‘hereby 

of 25 otas or less can be oLined ato.i ^ reslstancT 

diverted. Grounds exoeediM Sout °d- the incoming surge 

on the shield appreciably. A not reduce the 

or 60 hs ground elactrodravfiSblfS'^ riLt^ceTf 

a low impedance to lightning sijges nSeLa^ly 

lightmng ground, an «)K should ba^Lef^? >"ay not be an effecS^e 

;e:oSr7,o%»L-~ 

be indioated. bnlikely, emission of the shield ground would 
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6 1 measures plus the followings 
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- The probabilitv 
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rs ,f “ ? --0 ^MG*Te L“S s:4s“’^“"’a"=d cf*^ 
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r' 0 4 - TTT TatPErorv III lightning protection for paper-insulated 

ruorStu- 

only in unusually severe exposures ^ comections to^fire towers or radio 
ations might arise by way of non-ca ^ . „_j h-eh earth resistivity, 

stations in areas of high ll^tni^ ^^a+ed^cable consists of all Category I 
Category III protection mLsures : 

and Category II measures plus the following aaoiuxo ax 

Additional full count protection points. 

Low impedance made grounds. 

'•>' r;.r- 

n Tf a MiN ground' or a water pip© ground 

5.52 Low Impedance Made Ground " a^ade ground consisting of 

of 25 ohms or less xs I deep driven sectional ground 

driven ground -rods _ come cted xn parallel The resistance 

rod should be provided ohms 

of made grounds should not exceed 25 ohms. 


bonding and grounding for power contact protection 


^.1 Bonding at Power Crossings - '^e p ^ of any type 
aerial telephone pole crossings with MGN 

should be made on ’ised p ‘^ ^nd^ should be interconnected to the 

type power lines, the cable support st^n practicable to obtain 

Z V?a a :?:^tSrks?^ib:tion unes and for all aeri^ 

joint pole crossings with elecnr .^nes, inspan crossings may be used, 

crossings with electric . .f-^on of the telephone plant depends pnma- 

For all inspan crossings, p . clearances, which in some cases 

rj-ly on adequate structural t ^ underground conduit or using 

I CM .0. details) . 

6.2 Bonding i n Joint Dse 

6.21 Where telephone ^^®^®!JJ5°^ltig?omded^eutral type, the 

electric supply circuits to the MGN as 

cable shields and suspension connections should be made 

described in paragraph_6.2U. These oonoi ig 
at the following locations: 

( 1 ) Where the joint use Tt^rtical 

(2) On every are connected transformers, 

-"otL^r types of power equipment that draw 
load current under normal conditions. 
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6.22 


(3) If the joint 

bonds should ionger than 1/? mn 

Bonds made in acS^n ^ A 

occurring at nor^!?f ® item 

be counted Wvals, 


®ere tel^hone cables ’ 

cable poles ese, Pop 

Office ground (pro^Sd th of thS!r con^°'^^^ ^®«tral type 

such other grounds as it ®i®‘=tricallj°ei°f^ central 

tion as described orevin, ^ be desirable to ni ^ continuous) an^ hv 

«lree to ^hlch are^Se'fjV 0« Poles cJr^® lightning protec 

equipment that draw iSS transformers Pole Ground 

pension strand shouid ^ currents other^t^, ^ 

sS s^-s£- 

^ * A Where ■! r,+ ^ ^ — n has heov^ 


iptoPco 

^ Shed the strand to th 

Saadltlon at the polo 


SPounti wipe . 

to the tonnected 


^ertic 2 IS?, ^^ 5 ®^ "^th 

g^und wire. 


■A ground wira =„ 
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conductor should k* / bonding 
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the joint use section. Con- 
nection of the bonding wire to 
the MGN shall be made only by. 
the power company. For 
mediate bonds required ^6.21 
(2 ), a pole already equipped 
with a pole ground wire should 
be selected and a ground wire 
assembly unit (PM2A) should be 
installed. 


4.1, ^,q^+-irinal <^hi eldinfi effect provided by the jtieutral con 
because of the additional ^ n d increase if excessive 

ductor. in a lew inatancea the tending. Thle 

residual power currents Ilow in ^ the neutral to 

situation is most likely to occur “.^^e resist^ce^^^^tne 

ground is relatively high. In ^ current usually will be beneficial, 

tods to the HJN to reduce the ‘ ffiA TE 4 0M-U51 , 

More inlomation on noise in c^^ihle oircmts is given in 
"Telephone Noise Measurement and Mitigation. 

7. MISCELLANEOUS SITUATIONS 

InsulatLrS^^tof ^nSground =r toied plastic-sheathed cable dips in 
aerial cable runs. 

7-2 °^'.^f^SA’'u3 r i 8'3UCh tot^no'^up^eS^ protecSon 

is reoSto radStr tftoLasures reco^aen^d herein for protection 
of the associated cable. 

7.3 Buffer Protection St^ed^at or within 200 

approximately ohms or less c^ effect of such a ground 

feet of .a cable-non-cable .^ection in the form of yellow coded 

may be achieved groSd at a poird. about 1^00 feet 

or less can be obtained at that_poHi^L« 


7.I4 Pole Lightning woo^poles used for cable 

necessary to prevent incidence and severe exposures, 

supports in certain ^as of h g g borrower's engineer to 

r/th^ 
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per year, r 

severe, protect! or, terrain whLe 

^ the u^artS ’^^®s should hT? exposure is cons^u- 

- - » ~“ s. 
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